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Special Section

A number of advances in automated insulin delivery (AID) 
systems have recently been made, with the goal of making 
tight glycemic control easier, safer, and less burdensome to 
achieve.1-3 Typically, AID systems consist of 3 specific parts: 
a drug-infusion system (with 1 or 2 hormones), a continuous 
glucose monitor (CGM), and a control algorithm, which 
makes automated dosing decisions about when and how 
much of the hormone(s) to administer. A number of research 
teams are developing these systems, and all show the superi-
ority of AID systems over standard pump therapy with 
increased time spent within glucose targets, and/or reduced 
hypoglycemia and/or better over-night blood glucose 
control.4-12

Five studies have reported on the use of AID systems in a 
summer camp setting, where AID use can be closely moni-
tored.13-17 Two studies assessed overnight closed-loop sys-
tems, each using the system for 2-3 nights (ages 10-20 
years).13,14 A third camp study15 assessed a wide age-range of 
campers, including teens as well as young adults (ages 15-31 
years) who used a hybrid closed-loop system for 6 days. Two 
camp studies16,17 employed a random-order crossover design 
where teens (ages 12-20 years) and preteens (ages 6-11 
years) used the bionic pancreas (BP) for 5 days and their 
personal insulin pump for 5 days. While all 5 of these studies 
demonstrated the safety and efficacy of AID systems in camp 

settings, only one17 collected data on the psychosocial impact 
of these systems.

The impact of AID systems on patient burden and emo-
tional well-being must be considered, as the success of any 
technology is contingent on whether or not the patient is 
willing to use it. For example, in a recent review of studies 
assessing the psychosocial aspects of diabetes technology, 
while 292 abstracts were reviewed, only 9 met inclusion cri-
teria for in-depth review.18 Of those, only 3 were related to 
AP systems.19-21 Van Bon et al19 explored patient’s percep-
tions (who were currently using insulin pump therapy) 
regarding future AP systems. The majority reported they 
intended to use an AP system and believed it would be use-
ful, easy to use, and worthy of trust. Barnard et al20 explored 
the perceptions of people with diabetes as well as parents of 
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Abstract

Background: The psychosocial impact of the bionic pancreas (BP) was assessed among children attending diabetes camp.

Methods: Nineteen children were randomly assigned for 5 days to the BP condition and 5 days to the control condition in 
a crossover design.

Results: Significant reductions in hypoglycemic fear and regimen burden were found. Children felt less burdened or worried 
about diabetes and felt freer to do things they enjoyed while using the BP. Children wished the BP responded to out of range 
numbers faster and expressed annoyance about carrying around the necessary equipment.

Conclusions: Children may experience improved psychosocial outcomes following use of BP while expressing key areas 
of user concern. Future studies in less controlled environments with larger sample sizes can determine if these findings are 
generalizable to other groups.
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children with diabetes regarding expectations about AP sys-
tems. Over 90% of respondents reported that they intend to 
use AP systems when they are available. Concerns/barriers 
to use included the size, visibility and potential lack of effec-
tiveness of the systems. Benefits included using technology 
that could minimize diabetes burden and improve psychoso-
cial functioning. Finally, Bevier et al21 assessed the percep-
tions of individuals who had already participated in an AP 
trial. Future acceptance of AP technology was strongly asso-
ciated with prior technology acceptance, and more than 85% 
of respondents were interested in using an AP system once it 
was commercially available. Clearly, the ongoing use of any 
AID system will depend on the patient’s (and/or family’s) 
perception that the technology is safe, reliable, and effective 
and can adapt to real-life experiences and events without 
increasing the burden of caring for the disease.

As a first step toward addressing this gap in knowledge, 
the current report describes the psychosocial impact of the BP 
system, in particular, on preteens 6-11 years old attending dia-
betes summer camp (Camp Joslin and the Clara Barton 
Camp).17

Methods

Participants

The camp provided information about the study to all who 
enrolled in camp, the study information was posted on the 
Children With Diabetes Website, and families indepen-
dently contacted the study team asking to enroll in any 
studies for which their children were eligible.17 The full 
study protocol is available in the appendix to the study arti-
cle.17,22 Nineteen children (mean age 9.8 ± 1.6; range 6.5-
11.9 years) participated in this study. Approximately 68% 
were female, 90% were non-Hispanic Caucasian, and the 
mean HbA1c at baseline was 7.8 ± 0.8%. All had type 1 
diabetes (T1D) for at least 1 year and were on insulin pump 
therapy for ≥ 6 months.

Study Design Overview

All participants were assigned for 5 days to the BP and 5 
days to their own insulin pump with ordering randomly 
assigned in a crossover design. Participants had no restric-
tions on their activities or food intake in either study period. 
Study staff were available to assist with any technical prob-
lems with the BP during the camp sessions. Each camper 
completed questionnaires 3 times: prior to the first study 
arm, at the end of the first study arm, and at the end of the 
second study arm. The mean total number of plasma glucose 
checks (scheduled and unscheduled) per participant was 50.7 
(SD 12.3) with the BP and 52.5 (SD 8.7) during the control 
period. Participants stayed in the same cabins, engaged in the 
same activities, and ate the same meals as nonparticipant 
campers.17

Measures

Four psychosocial measures were assessed at all time points. 
Fear of hypoglycemia was assessed by the Hypoglycemia 
Fear Survey,23 a 25-item measure assessing both worries 
about low blood sugars (eg, worrying about “not recognizing 
that my blood sugar is low”) and behaviors to prevent lows 
(eg, “I keep blood sugars high when I will be alone for a 
while”). Items are rated on a 5-point scale from 0 = never to 
5 = almost always, and scores could range from 0 to 100. 
Diabetes specific emotional distress was assessed via the 
Child version of the Problem Areas in Diabetes survey,24 
which was adapted for a lower reading level from the Teen 
version of the Problem Areas in Diabetes Survey.25 This 
26-item survey assesses how much distress children experi-
ence with such items as “feeling sad when I think about hav-
ing diabetes,” “feeling stressed out by what I have to do 
every day for my diabetes,” or “feeling that my blood sugars 
keep going up and down, no matter how hard I try.” Items are 
rated on a 6-point scale from 1 = not a problem to 6 = a big 
problem, and scores could range from 26 to 156. Perceptions 
regarding regimen burden is a 20-item measure, developed 
for this study, which asks respondents to report on how much 
children feel bothered by their current diabetes regimen. 
Items are rated on a 4-point scale from 1 = not bothered at all 
to 4 = very bothered, and scores could range from 20 to 40. 
Example items include “not knowing how what I eat changes 
my blood sugars,” “having to figure out how much insulin to 
take to correct a high number,” and “treating a low blood 
sugar when I’m not hungry” (Cronbach’s alpha for this mea-
sure = .88). The Experience with the BP Questionnaire was 
also developed for this study, and the 38 items were based on 
interviews conducted with individuals who had participated 
in previous BP trials about their experience regarding the BP. 
This questionnaire was administered immediately following 
completion of the BP arm of the trial and assessed both posi-
tive and negative experiences with the BP, including blood 
glucose management, device burden, and overall satisfac-
tion. Example items include “Carrying everything with me 
all of the time was annoying” “It was easier to do the things 
I wanted to do,” “I wish the Bionic Pancreas treated my low 
blood sugars faster,” and “I spent much less time thinking 
about my diabetes.” Items were rated on a 5-point scale (1 = 
strongly disagree, 5 = strongly agree), and scores could range 
from 38 to 190. In total, children spent between 15 and 20 
minutes completing the questionnaire battery.

Data Analysis

Descriptive analyses were computed to review score distri-
butions. Independent t-tests and chi-square analyses were 
used to examine ordering effects of the groups at baseline. 
Repeated measures ANOVA models were employed to 
examine group differences in the degree of change from 
study baseline to the end of the control follow-up period and 
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from baseline to the end of the BP follow-up period, and the 
difference in the change between these 2 follow-up periods. 
Post hoc analyses were conducted using Fisher’s least sig-
nificant difference (LSD) test.

Results

Significant reductions in hypoglycemic fear and regimen bur-
den were found following use of the BP compared to control 
(Table 1, Figure 1), but no differences in diabetes-specific 
emotional distress were observed. Regarding BP experiences, 
participants endorsed many positive aspects of the technol-
ogy (indicating agreement or strong agreement) including 
feeling less burdened or worried about diabetes (90% felt 
more relaxed; 84% spent less time thinking about diabetes; 
79% felt diabetes was less annoying), feeling more free (95% 
felt they could engage in more activities that they enjoyed; 

79% found it easier to make food choices), and worrying less 
about high (90%) and low (84%) blood sugar levels. The 
most common concern included wishing the BP responded to 
lows (53%) or highs (42.1%) faster, the annoyance of carry-
ing around the necessary equipment (31.6%) and having to 
change the glucagon daily (31.6%). Overall, the majority of 
participants (73.7%) endorsed that they wanted to continue 
using the BP after the conclusion of the study.

Discussion

Our results show that children attending a diabetes camp 
found the BP helpful in reducing their fear of hypoglycemia, 
decreasing their sense of regimen burden, decreasing their 
worries about out-of-range blood sugar levels, and improving 
their overall freedom to engage in the activities that they 
enjoyed. Decreased burden was a key patient goal in previous 

Table 1.  Changes in Psychosocial Outcomes by Study Condition.

Hypoglycemia fear Regimen burden Diabetes distress

Descriptive (mean, SE)
Baseline 33.50 (7.81) 33.75 (2.25) 56.00 (6.80)
Control 30.00 (5.82) 30.26 (2.01) 50.86 (5.66)
Bionic pancreas 18.50 (6.29)bc 26.29 (1.98)bc 52.49 (14.14)
Analysis of change (F, P)
Time 7.82 (.03) 8.48 (.003) 0.18 (.84)
Ordering 2.56 (.18) 1.37 (.28) 0.08 (.79)
Time × ordering 0.58 (.61) 0.42 (.53) 0.49 (.66)

Note: Mean total summed scores are presented for each outcome. Significant differences (P < .05) between conditions are denoted as follows: aChange 
from baseline to control; bChange from baseline to bionic pancreas; cChange between control and bionic pancreas.

Figure 1.  Changes in psychosocial outcomes by condition.



Weissberg-Benchell et al	 843

studies regarding psychosocial impact of AP systems.19,20 
Concerns about the BP included wishing the system responded 
to out-of-range blood sugar levels more quickly and the 
annoyance of carrying a number of devices around. These 
concerns are consistent with previous studies as well.20 The 
lack of change in diabetes-specific emotional distress may in 
part be attributed to the low level of distress reported by the 
campers at baseline, as their baseline score was 1 full stan-
dard deviation below the previously reported mean of this 
measure (Figure 1),24 perhaps in part due to being in a safe 
and supportive camp environment. Results provide critical 
initial support that children may experience improvements in 
psychosocial outcomes following use of BP and point to key 
areas of user concern that can be considered when introduc-
ing an AID system such as the BP. For example, the bulkiness 
of the BP device used in this study will likely be addressed 
before a more integrated system is commercially available. 
Limitations include the fact that 90% of participants were 
Caucasian (although consistent with camp demographics 
from around the United States),26 and the sample included 
only those who chose to attend diabetes camp. The fact that 
parents did not participate in the trial (the children were 
attending an overnight camp) also narrows the focus to child-
report data only. Further studies are warranted in less con-
trolled environments with larger sample sizes to determine if 
these findings are generalizable to other samples and/or other 
AID systems, and to assess the impact of the BP on additional 
psychosocial outcomes (eg, parental and family conflict).
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